The attractiveness of additive manufacturing (AM) relates to the ability of this technology to rapidly produce very complex components at affordable costs. However, the properties and corrosion behavior, in particular, of products produced by AM technology should at least match the properties obtained by conventional technologies. The present study aims at evaluating the corrosion behavior and corrosion fatigue endurance of AlSi10Mg alloy produced by selective laser melting (SLM) in comparison with its conventional counterpart, gravity cast alloy. The results obtained indicate that the corrosion resistance of the printed and cast alloys was relatively similar, with a minor advantage to the printed alloy. The corrosion fatigue endurance of the printed alloy was relatively improved compared to the cast alloy. This was mainly attributed to the significant differences between the microstructure and defect characteristics of those two alloys.
Introduction
Additive manufacturing (AM) technology has gained increased attention in the last decade due to its potential to produce complex net shape structures with small tolerances, attractive cost, and a relatively short time to market [1, 2] . The selective laser melting (SLM) process is part of this technology which employs a high energy laser beam to selectively melt a powder bed metal layer-by-layer according to predesigned CAD software [3, 4] .
Light structural materials and Al alloys in particular are widely used in the transportation and electronic industries owing to their high specific strength [5] . Further benefits of Al alloys relate to their relative advantage in terms of ductility, heat transfer, electrical conductivity, and corrosion resistance in regular atmospheric conditions. However, Al-base components produced by the SLM process are known to have high surface roughness (8-20 µm) which is generated mainly due to balling and dross formation in the melt pool [6] . This surface morphology may promote the inherent sensitivity of those alloys to localized corrosion attack, especially in the presence of chloride [7, 8] .
AlSi10Mg is the most commonly used Al alloy for the SLM process, mainly due to its solidification characteristics and relatively reduced coefficient of thermal expansion [9] . However, knowledge of its corrosion performance in regular service conditions is extremely limited. The present study aims at evaluating the corrosion behavior and corrosion fatigue endurance of AlSi10Mg alloy produced by the SLM process in comparison with its conventional counterpart, gravity cast Al alloy A360.2 which has a very similar chemical composition. This comparison study can highlight the differences between printed and cast alloys in terms of corrosion performance and may present an indication of the maturity of printed Al-base components to serve as adequate structural material for commercial applications. 
Materials and Methods
Printed specimens made from aluminum alloy AlSi10Mg were produced by an EOSINT M280 system using a selective laser melting (SLM) process with the following parameters: laser power 400 Watts, scanning speed 1000 mm/s, layer thickness 30 µm, and hatch spacing 0.2 mm. The shape of the printed specimens was either rectangular or cylindrical according to the designated tests. The printing orientation of the rectangular sample was ZX while that of the cylindrical bar was Z according to ISO/ASTM 52921-13 standard. The average grain size of the metal powder used for the printing process was about 50 µm and the protective gas atmosphere was pure argon. The printing procedure was followed by a stress relief heat treatment of 2 h at 300˝C. The counterpart Al alloy A360.2 was produced in ingot form by re-melting the alloy at 700˝C and gravity casting in a rectangular 6ˆ12ˆ5 cm iron die. All the test specimens produced from the cast alloy were machined from the central part of the ingot, which generates a relatively reduced surface roughness compared to the SLM sample. The very close similarity in the chemical compositions of the printed alloy and the gravity cast alloy are shown in Table 1 , although it should be indicated that impurities concentration in the cast alloy was relatively higher. Microstructure examination was carried out using optical and scanning electron microscopy (SEM) with a JEOL JSM-5600 (JEOL, Tokyo, Japan) equipped with EDS detector (Thermo Fisher scientific, Waltham, MA, USA) for spot chemical analysis. Identification of internal phases was conducted by X-ray diffractometer RIGAKU-2100H (RIGAKU, Tokyo, Japan) with Cu-Kα. The diffraction parameters were 40 KV/30 mA, and the scanning rate was 2˝/min.
The corrosion behavior was examined by immersion test according to ASTM G31-12a standard and by electrochemical characterization in terms of potentiodynamic polarization analysis. All the corrosion tests were carried out in 3.5% NaCl solution with naturally dissolved oxygen in the electrolyte; the durations of immersion tests were up to 45 days. The pitting characterization was evaluated according to ASTM G46 standard. The potentiodynamic polarization analysis was carried out using a Bio-Logic SP-200 potentiostat equipped with Ec-Lab software V10.44 [10, 11] . A standard three-electrode cell with a reference saturated calomel electrode (SCE) was used for this examination; the scanning rate was 0.5 mV/s. The low cycle corrosion fatigue (LCCF) tests in 3.5% NaCl solution were evaluated using a standard bending machine with a strain control apparatus [12] . The shape of the fatigue test specimen was rectangular with neck dimensions of 16 mm length, 8 mm width, and 2 mm thickness. The total length of the fatigue specimen was 80 mm and the radius of curvature at the neck area intersection was 15 mm. The low cycle fatigue test parameters included strain amplitude of 3% and frequency of 0.6 Hz. The bending stress direction in the printed alloy was perpendicular to the ZX printing orientation.
Results
Typical microstructures of cross-sections of printed and cast alloys are shown in Figures 1 and 2 , respectively, along with spot chemical analysis shown in Table 2 . This has clearly revealed the relatively rapid solidification nature of the printed alloy during the SLM process compared to its counterpart cast alloy. The microstructure of the printed alloy was mainly composed of the Al matrix and a fine Si net with minor noticeable intermetallic precipitants. In addition, the selective porosity was mainly concentrated at the boundaries of the melt pool intersections. The relatively high manganese concentration in the SLM sample (shown in Table 2 ) can indicate that at least minor amounts of enriched Mn intermetallic precipitants were present in this sample, although it was difficult to identify them in the SEM microscopy analysis. The microstructure of the cast alloy was a regular dendritic structure with the eutectic phase of Si and precipitants enriched with Fe-Mn. The cast alloy also includes typical porosity defects that are inherently obtained during regular casting processes.
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Discussion
The results obtained by the present study in terms of immersion tests and potentiodynamic polarization analysis indicate that the corrosion resistance of the printed and cast alloys was relatively similar, with a slight advantage to the printed alloy. This was manifested by the fact that the mass loss was slightly lower for the printed alloy after 45 days of exposure, but the pits were deeper. The relatively reduced mass loss of the printed alloy can be mainly attributed to the differences between the microstructure characteristics of those two alloys. According to this understanding, the relatively reduced corrosion resistance of the cast alloy can be explained by several reasons, including: (i) the presence of inherent casting defects mainly in the form of irregular porosity; (ii) the relatively intensive formation of enriched Fe and Mn precipitates (MnFe4Al12Si2) that have a detrimental microgalvanic effect; (iii) the dendritic microstructure with a secondary eutectic phase that limits the dissolution capability and homogeneity of the alloy. On the other hand, the relative improved corrosion resistance of the printed alloy can be attributed mainly to the increased solidification rate obtained by the SLM process. This has resulted in gaining a much more homogenous microstructure with improved dissolution of alloying elements and impurities with nearly no precipitates. Altogether this microstructure is known to have a beneficial effect on the corrosion resistance [21] . The detrimental effect of the selective porosity present at the boundaries of the melt pool overlap was relatively minor, although it was evident that the corrosion attack tends to progress along those areas.
The significant improvement in the life span of printed alloy compared to cast alloy obtained under LCCF in 3.5% NaCl solution is mainly related to the differences between the microstructure characteristics of the two alloys. This is based on the fact that the test duration of the LCCF was less than half a day and, hence, the LCCF test results cannot be correlated with the small differences in mass loss obtained after 45 days of immersion, as shown in Figure 4 . The relatively reduced life span of the printed alloy may be related to the fact that the crack initiation and propagation in this alloy was mainly along typical casting defects such as irregular porosity, as shown by the fracture surface analysis in Figure 8c -f. According to this understanding, it is believed that the crack propagation in the cast alloy was relatively accelerated compared to that of the printed alloy. The accelerated crack propagation rate in the cast alloy can be attributed to the synergistic effect between the corrosive environments and the internal concentration stresses created by the irregular gravity casting defects.
Conclusions
The very slight improvement in the corrosion resistance of printed alloy AlSi10Mg obtained by the SLM process vs. its counterpart gravity cast alloy was mainly related to their differences in terms of microstructure and defect characteristics. Those differences were mainly generated due to the relatively higher solidification rate experienced by the printed alloy during the SLM process. The increased solidification rate creates a much more homogenous microstructure with minor amounts of precipitates and relatively reduced casting defects, which consequently slightly improve the corrosion performance, mainly in terms of mass loss.
The comparatively enhanced life span of the printed alloy obtained after LCCF is mainly attributed to the differences between the microstructure characteristics of the two alloys. It is believed that the accelerated cracking in the cast alloy was generated due to the synergistic effect between the corrosive environment and the stress concentration created by gravity casting defects such as irregular porosity.
